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FORE WORD 

The t e s t s  descr ibed in this r e p o r t  a r e  to be conducted 
under NASA Apollo contract  NAS9-150, paragraph  5.5, 
exhibit I in  the Lewis Research  Center  8-  by 6-foot 
s upe r sonic wind tunnel. 

This repor t  was prepared  by G.A. Udvardy of the 
Experimental  Aerodynamic Unit, Space and Information 
Systems Division. 
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ABSTRACT 

This repor t  presents  the objectives of f r e e  osci l la-  
tion dynamic stability t e s t s  of a n  Apollo 0. 059-scale 
model, and descr ibes  the model and instrumentation. 
Test  procedure,  run schedule, and data requirements  
a r e  outlined. 

The t e s t s  of the command module and the launch 
escape  vehicle, with and without canards ,  a r e  to be 
conducted at the Lewis Research  Center 8-  by 6-foot 
supersonic  wind tunnel during the month of September.  
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INTRODUCTION 

The p r i m a r y  objective of the t e s t s  descr ibed here in  is the acquisition 
of s ta t ic-moment  and dynamic data to be used to define the tumbling dynamic 
cha rac t e r i s t i c s  of the command module and the launch escape vehicle with 
and without the canard.  Test  instrumentation is designed to permi t  on-site 
calculation of the dynamic stability p a r a m e t e r s  and high accuracy  post t e s t  
evaluations. 

The models,  for  both the static and dynamic t e s t s ,  will be mounted on 
a t r a n s v e r s e  rod supported a t  both ends by a ball-bearing pivot which will 
al low 360-degree freedom of rotation in the pitch plane. The model will be 
r e s t r a ined  in pitch by a cantilevered beam instrumented with s t r a in  gauges 
to give model moment data during the s ta t ic  portion of the tes t .  
dynamic t e s t s  the beam will be disconnected. 

F o r  the 

The t e s t  configurations include the command module (C2V1 O ~ 2 a 2 ) ,  the 
launch escape vehicle with canard (C2V10~2a2 T87E78), and without canard 
(C2V10~2a2Tg7E79).  The rotational center  will be a t  the center  of gravity 
for  the command module alone configuration. 
the longitudinal c.g.  location is correct .  However, due to model space  
l imitations the ver t ica l  c. g. displacement could not be duplicated resul t ing 
in  a center l ine location. 

F o r  the launch escape model, 

The tes t s  will be made a t  dynamic p r e s s u r e s  of 900 and 700 PSF a t  
Mach numbers  of 1 .6  and 2.0.  

Models, model drawings, and model photographs a r e  unclassified. 
Raw identified and reduced data a r e  to be considered as confidential. 

- 1 -  
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1. MODEL DESCRIPTION 

The models will be mounted midway on a t r a n s v e r s e  rod fo r  both the 
The t r a n s v e r s e  rod  is supported at both ends by dynamic and static t e s t s .  

ball  bearings located in  the main support  and ro ta tes  with the model. 
F igu res  11 through 14 a r e  drawings of the tunnel installation, models,  
supports ,  and mechanisms. 

MODEL SUPPORT SYSTEM 

The main support consis ts  of a two-pronged sting fitted to the tunnel 
sting support. The upstream forked end, which supports  the t r a n s v e r s e  rod,  
i s  supported by the tunnel s ide walls (F igure  1). 
(looking downstream) contains motors ,  d r i v e r s ,  and e lec t r ica l  cables  neces  - 
s a r y  for  driving the model to predetermined angles of attack. The right 
s ide contains the instrumentation package which includes the photo drum,  
the s e r r a t e d  disc,  and two magnetic pickups (F igure  2 )  which a r e  used in  
conjunction with a computer to determine model  position and velocity. 
s ide also contains a brake sys tem to r e l e a s e  and s top the model for  each 
data run. 

The left  s ide  of the fork  

Each  

STATIC MODEL 

The models f o r  the s ta t ic  tes t s  will be mounted on a ball-bearing s leeve  
midway on the t r ansve r se  rod and will be r e s t r a ined  in pitch by a cantilever 
beam instrumented with s t r a i n  gauges to give model s ta t ic  pitching moment 
data. 
model position only. 
360 degrees .  
data points at a rate  of 3 degrees  per  second. 

During this portion of the t e s t  the instrumentat ion package will give 
Data will be taken at 10-degree increments  through 

The model dr ive  mechanism will d r ive  the model between the 

DYNAMIC MODEL 

The models for the dynamic t e s t s  will be mounted in  the s a m e  manner  
a s  the s ta t ic  model. The cantilever beam, however, will be disconnected to 
allow complete rotational f reedom in the pitch plane. The instrumentat ion 
package will be completely activated to give angular positions and velocity. 
Motion p ic tures  wil l  be taken of the photo d rum to provide backup data. The 
dr ive  mechanism will be used to position the  model to a given r e l e a s e  angle, 
then disengaged after the brake  has  been applied to hold the model a t  that 
position. The brake will then be used to r e l ease  and s top the model f o r  each 
data  run. 

- 2 -  
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MODELS 

The FD-9 configurations a r e  0.059-scale models of (1) the command 
module (C2V1 ouzaz),  (2)  the launch escape vehicle (C2V10~2a2 T87E79), and 
(3)  the launch escape  vehicle with canards  (C2Vlouza2Tg7E78). 
and F igu res  3 through 5. ) All external protuberances have been simulated 
on the command module. The models of the command module have been 
fabricated f rom aluminum alloy castings.  The escape  tower consis ts  of a 
s t r u c t u r e  of welded s ta in less  steel  tubing. The canards  a r e  machined o'f 
s t a in l e s s  s teel .  The models have been s t r e s s e d  in  accordance with NASA 
Specifications.  :: 

(See Table  1 

The models will be ballasted for  sca le  moment-of-inertia simulation 
and balanced a t  the NAA model shop, with a final check taking place during 
the tunnel installation period. 

INSTRUMEN TATION 

Dvnamic Tes ts  

The instrumentation consists of two packages: r e fe r r ed  to as the data 
acquisit ion unit and the data reduction unit located inside and outside the 
tunnel, r e  spec tively . a 

The data acquisition unit consists basical ly  of two magnetic s enso r s  
positioned on either s ide of a spinning s e r r a t e d  d isc  whose center  of rotation 
coincides with the model rotation center  (F igure  2 )  and is located in  the 
r igh t  a r m  looking downstream. 
into the outer two faces  of the disc. 
s e n s o r  a r e  located on the t r ansve r se  rod support  with the second sensor  
rotating with the model and support rod,  

The se r r a t ions  consis t  of gea r  teeth machined 
The d isc  and i t s  d r ive  motor  plus one 

Each  senso r  consis ts  of a permanent magnet co re  insulated f rom a 
surrounding metal l ic  s leeve to which a wire  lead i s  attached. 
emit ted by the magnet flows to the outer  s leeve of the pickup and is  measu red  
a.s a vnltage, 
path length al ternately inc reases  and dec reases  causing a fluctuation of out-  
put voltage. 
consti tute one cycle. 
500 teeth on each surface.  
measur ing  a constant 15, 000 cps.  
attached to the model when the model is motionless.  However, when the 
model  is in  motion, the moving pickup senses  a higher o r  lower number of 

The flux 

As each tooth and valley of the d isc  pas ses  a pickup, the f l u x  

The e l ec t r i c  signal f rom each tooth and valley combination 
The disc  is  dr iven at  a constant 1800 r p m  and has  

This means the s ta t ionary pickup is sensing o r  
This holds t r u e  a l so  for the pickup 

CManual N A S A  Lewis 8- by 6-foot Supersonic Wind Tunnel. Lewis Research Center,  Cleveland,  Ohio 
(February 1959). 
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cycles  depending on i ts  rotational velocity and direction of rotation. The 
s ignals  f r o m  the pickups a r e  introduced to the data reduction unit (Q-360 
data display and t rans la tor )  which reduces them to model att i tude and 
angular velocity as  descr ibed in  Section 111. This is  then recorded  on 
d i r ec t  writing oscillographs and magnetic tape. Sixteen -mil l imeter  motion 
pictures  at 400 f r ames  per  second will be taken simultaneously with the 
electronic  data acquisition unit. The movies will be used as backup should 
the data acquisition system fail.  As a t ime base t ie- in ,  a t iming m a r k  will 
be placed electronically on the film and the acquisit ion r eco rd  at the instant 
of model re lease .  
placed on the brake drum which rotates  with the model. 
the drum an  attempt was made  to obtain the g rea t e s t  amount of accuracy  in  
the space alotted. Each quadrant 
is equal to 90 degrees,  a s  shown on Figure  2. Each  quadrant  is distinctively 
marked  so a s  to alleviate any e r r o r  in  data reduction. By reading the rat io  
of light to dark  and comparing i t  to the cal ibrat ion curve,  model angle of 
a t tack can be determined to an  accuracy  o f f  one degree.  

The c a m e r a  will be sighted on a marked  drum ta rge t  
In  the painting of 

The drum is divided into four  quadrants .  

Static Tests  

The ball-bearing mounted model is r e s t r a ined  in rotational motion by 
a s t r a in  gauge instrumented cantilever beam (Figure  7) .  
outputs will be fed to the automatic voltage digi t izers  (AVD). 
a t tack will be provided by the Q-360 data display and t rans la tor .  

The gauge e lec t r ica l  
Model angle of 
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II. OPERATIONS 

The tes t  p rogram consis ts  of s ta t ic  tests followed by dynamic t e s t s .  
(See Run Schedules, Tables 2 and 3. ) The static t e s t s  will be conducted 
f i r s t  to obtain static moment data, which, in conjunction with data f rom the 
dynamic t e s t s  following, will allow pre l iminary  on-site evaluation of the 
equations of motion. 

STATIC TESTS 

The static t e s t s ,  as shown in the Run Schedule, will be conducted at 
Mach numbers  1 .6  and 2 . 0  and a t  dynamic p r e s s u r e s  of 900 and 700 psf 
respectively.  
condition will be as follows. 

The tes t  procedure for  each configuration and each  tes t  

1. With wind-off, angle-of-attack indicator, and s t r a in  gauge output 
signal will be zeroed. 

2. With dr ive energized, the initial model attitude will be set .  

3. Brakes will be on high p res su re  and the dr ive  mechanism energized. 

4. Tunnel t e s t  conditions will be established. 

5. Brakes will be released.  

6 .  Model angle of attack, s t ra in  gauge output, and t e s t  conditions 
will be fed to computer.  

7 .  Model will be driven to the next attitude. 

8.  Steps 6 and 7 will be repeated for the ent i re  angle-of-attack range. 

9 .  Before tunnel shut-down the brakes will be applied. 

DYNAMIC TESTS 

-. l h e  dynamic tes t s  wiii be conducted at the s a m e  tunnel cwridiiions 
noted above fo r  the static tes t s .  
follows. 

The procedure of each t e s t  will be as 

- 5 -  
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Wind-Off 

1.  With the brakes  off, the dr ive mechanism energized, and the data 
acquisition sys tem operating, the model angle -of-attack indicator 
will be zeroed a t  0 degrees  angle of attack. 

2 .  Brakes will be applied a t  high p r e s s u r e .  

Wind -On 

1. Tunnel conditions will be established. 

2. With drive mechanism energized the brakes  will be re leased  and 
the model will be dr iven to the requi red  r e l ease  att i tude.  

3. Brakes will be applied a t  high p r e s s u r e .  
will be de -energized. 

The dr ive mechanism 

4. J u s t  prior to model r e l ease ,  approximately three  seconds,  the 
motion picture c a m e r a  and recording oscil lograph will be se t  in 
motion. 

5. The model will be re leased .  

6 .  The magnetic pickup outputs (in form of (Y and :) will be recorded 
on magnetic tape and d i rec t  writ ing recording oscil lographs.  

7 .  Brakes will be applied to stop the model motion. 

8.  The motion picture  camera ,  tape r e c o r d e r s ,  and oscil lographs 
will be stopped. 

9 .  Steps 2 through 8 will be repeated for  each of the remaining r e l ease  
angles.  

Should the model, a f t e r  r e l ease ,  go into a tumbling condition, i t  will 
be braked to a stop a f te r  one o r  two revolutions. 
each data run i s  less  than 10 seconds.  

The est imated duration of 

- 6 -  
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1 1 1 .  DATA REDUCTION 

STATIC TESTS 

The s ta t ic  moment strain-gauge data will be reduced on-si te  using the 
automatic  voltage digi t izers  (AVD). 
following equation. 

Data a r e  to be reduced using the 

where  

M = Measured moment  
q = Dynamic p r e s s u r e  (psi)  
S = Reference a r e a  (64. 837 in.  2 ,  
d = Reference d iameter  (9.086 i n . )  

Reference c. g. dimensions for  the three  configurations a re :  

Axis 

X,  iriches measured  
f rom theoretical  
apex 

- 

- 
Z ,  inches measured  
f rom command 
module CL 

DYNAMIC TESTS 

C2V10U2a2 1 C2V10u2a2T87E79 

5 . 7 5 5  I 0.944 0.944 

0 

The sys tem of accumulating and evaluating the signals f rom the magne- 
t ic  pickups is i l lus t ra ted  in  Figure 6.  

The model att i tude reference i s  s e t  by zeroing the display counter with -_ the model a t  z e r o  degrees  angle of a t tack.  l'he model attitude indication, 
independent of t ime,  is based on the position of the moving pickup with 
r e spec t  to the s ta t ionary one. The velocity indication depends only on the 
moving pickup. The e lec t r ica l  signals f rom the pickups a r e  introduced to a 

- 7 -  
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the data display and t rans la tor  boxes which sample  differentiate the signals 
at 0. 001 second intervals to give model attitude and angular velocity. 
outputs, d. and iUl  along with a t ime base a r e  recorded  simultaneously on 
magnetic tape and a recording oscil lograph. 

These 

The method employed in  reducing the dynamic data is intended to give 
aerodynamic damping as a function of angle of attack. 
tion techniques used in  forced oscil lation and l imited (st ing-supported model) 
f ree-osci l la t ion techniques] which give aerodynamic damping a s  a function 
of a forced t r i m  angle of a t tack o r  a s  a function of oscil lation amplitude. 
Angle-of -attack time h is tor ies  and s ta t ic  pitching moment data measured  
during the tes t  a r e  the p r i m a r y  inputs into the data reduction technique. 
Angular velocity t ime h is tor ies ,  a l so  measured]  a r e  used a s  a check of the 
data reduction. 

This is unlike reduc-  

The procedure followed in  obtaining the aerodynamic damping involves 
the solution of the equation of motion of the wind tunnel model. 
equation i s :  

.. dc qSd2 

This 

Ia - (Cm t C m . , )  - - c m - s d  = f Tf 
q Q 2v q 

where  

I = the model pitch moment of iner t ia ,  slug-ft 2 

.. 
(Y = the model angular accelerat ion]  r a d / s e c / s e c  

(Y = the model angular velocity, r a d / s e c  

(Cmq t Cm6)  = the aerodynamic damping 

- q = the wind tunnel dynamic p r e s s u r e ,  psf 

S = the model re ference  a r e a ,  f t2  

d = the model Feference d iameter ,  ft 

V = the wind tunnel velocity, f t / s e c  

C, = the s ta t ic  pitching moment  coefficient 

Tf = the f r ic t ional  torque, f t / l b  

A single degree of f reedom digital computer p rogram i s  available to 

+ Cmlr )  a s  
solve the above differential equation to give angle of a t tack and angular 
velocity t ime his tor ies .  All information i s  known except (Cm 

q 

- 8 -  
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a function of angle of attack. 
p rog ram i s  run  in  a t r ia l -by-er ror  method until the angle t ime h is tor ies  
m e a s u r e d  a r e  matched by the computer for  a given (C, 
The angular  velocity his tory should then be checked to a s s u r e  good c o r r e l a -  
t ion between the measured  values and computer cor re la t ion  values.  
reduced data a r e ,  therefore ,  the (Cm t C m h )  functions that give the bes t  
computer  cor re la t ion  with the wind tunnel angle-of-attack t ime h is tory  
m ea s u r  e ment . 

By assuming (Cm t C m b  ) functions the 9 

t C m b )  function. 
q 

The 

q 
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IV. DATA PRESENTATION 

TABULATEDDATA 

North American Aviation, Inc. , has  a contractual obligation to provide 
NASA with a tabulated data r epor t  within thir ty  days af ter  completion of each 
wind tunnel tes t .  
have a complete se t  of tabulated data, in  reproducible form,  no l a t e r  than 10 
working days after completion of each tes t .  
should a l so  be provided. 

In o r d e r  to meet  this requirement ,  i t  will be necessa ry  to 

A copy of the wind tunnel log 

Tabulated da ta  should be identified by t e s t  and run number and should 
omit  identified column headings to permi t  handling a s  unclassified mater ia l .  
A key fo r  identifying the tabulated data i s  to be provided and classified a s  
c o nf i de nti a 1. 

STATIC TESTS 

Tes t  parameters  to be tabulated by LeRC 8-  by 6-foot supersonic wind 
tunnel will include: 

Run number 
Mach number 
Velocity 
Dynamic p r e s s u r e  
Reynolds number 
Angle of attack 
Pitching moment coefficient 

DYNAMIC TESTS 

Tes t  parameters  to be tabulated by LeRC 8-  by 6-foot supersonic  wind 
tunnel will include: 

Run number 
Mach number 
Vel0 ci ty 
Dynamic p r e s s u r e  
Reynolds number 
Release angle of a t tack 

- 10 - 
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The dynamic t e s t  data reduction and presentat ion will be the respon-  
sibility of NAA. Tabulation of the t e s t  resu l t s  will include: 

Release  angle of a t tack 
Time base 
Frequency 
Damping -in- pitc h pa r  a m e  te r s 

Four  copies of the final tabulation s ta t ic  data and t e s t  conditions f rom 
the dynamic t e s t  a r e  requi red  and should be distributed as follows: 

1. Le t te r  of t ransmit ta l  and two copies (one reproducible) of the 
tabulated data and tunnel log to: 

North Amer ican  Aviation, Inc. 
Space and Information Sys tems Division 
12214 Lakewood Boulevard 
Downey, California 
Attention: M r .  Edwin C. Allen, Dept. 696-714 

Through: NASA Apollo P r o g r a m  Office 
North American Aviation, Inc.  
12214 Lakewood Boulevard 
Downey, California 
Attention: M r .  E . E .  Sack 

2 .  One copy of the t ransmit ta l  l e t te r  and one copy of the data plus run 
log to: 

M r .  Calvin H. Pe r r ine  
PE 3 
NASA Manned Space c raft C enter 
Houston, Texas 77058 

3 .  One copy of the t ransmit ta l  l e t te r  and one copy of the tabulated data 
including tunnel run l o g  to: 

NASA Manned Spacecraft  Center  
Spa ce craf t  Te c hnolog y Divi s ion 
Houston, Texas 
Attention: ivlr .  W .  C. I v b ~ e ? e y ,  Jr. 

- 11 - 
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Table 1. Basic  Model Dimensions 
(Model Scale  = 0. 059) 

Item 

Tower s t ruc ture ,  T87 (Figure 11) 
Length, in. 
Number of longitudinal m e m b e r s  
Diameter  of longitudinal m e m b e r s ,  in.  
Diameter  of c ros s  b races ,  in.  
Ci rcu lar  t ru s s  

Diameter  of mater ia l ,  in. 
Diameter  of c i r c l e ,  in .  

Horizontal  plane, in.  
Vert ical  plane, in.  

Distance between points at command module 

Distance between attach points at base  of 
rocket,  in .  

Command module, C2 (Figure 11) 
Maximum diameter , in. 
Radius of spherical  blunt end, in. 
Corner  radius,  in. 
Nosecone semi-angle, deg 
Nosecone ver tex radius ,  in. 

Vent, V i 0  (Figure 11) 
Total  length, in. 
Width, in.  
Height, in. 
Angle of beveled end, deg 

Escape Rocket, E79 
Total  length, in. 
Diameter ,  in.  
Nosecone semi-angle,  deg 
Nosecone vertex radius ,  in. 
Skir t  semi-angle,  deg 

Fu l l  Scale 

120.0 
4 
4. 16 
2. 78 

2. 78 
23.00 

50.66 
46.85 
36. 06 

154. 00  
184 .4  

7. 7 
33. 0 

9. 152 

17. 333 
2. 667 
2. 667  

53. 0 

279.67 
26. 0 
75.0 

2. 0 
34. 0 

Model Scale 

7. 08 
4 
0. 245 
0. 164 

0. 164 
1. 360 

2. 985 
2. 762 
2. 125 

9. 08 
10. 87 

0.453 
33. 0 

0. 540 

1. 023 
0. 157 
0. 157 

53. 0 

16.48 

15. 0 

34. 0 

1.533 

0. 118 
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Table 2.  Static Tes t  Run Schedule 

Angle of 
Attack (a) 

(Deg) 

Mach 
No. 

Dynamic 
P r e s s u r e  

q 
PSf 

1 . 6  I 900 

Mach 
No.  

Dynamic 
P r e s  s u r e  

q 
PSf 

2 . 0  700 

CONFIGURATION TO BE TESTED 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
2 00 
210 
220 
230 
240 
2 50 
2 60 
2 70 
280 
2 90 
3 00 
310 
320 
330 
3 40 
3 50 

1, 2, 

1, 3 

1, 2, 3 

1, 2,  3 
1, 3 

1, 3 

Configurations 

1. 

2. 

3. 

c2v1 OU2a2 

C V  u a T  E 

C V  u a T  E 

2 10 2 2 8 7  79 

2 10 2 2 87 78 

(Canards)  
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Table 3.  Dynamic Tes t  Run Schedule 

Angle of 
Attack (a) 

(De J.3) 

Dynamic 
P r e s s u r e  

1 . 6  900 

Dynamic 
P r e s s u r e  

2 .0  7 0 0  

0 

30 

150 

(Canards)  I 
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I R = 5.755 I 

C.G. LOCATION FOR 7- 
COMMAND MODULE ALONE 

17O-  I 

+Y 
AXIS 

-4 3 0 -  

Figure  4. Basic Model Dimensions (C V u a ) 
2 1 0 2 2  
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AXIS 
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- +Y 
AXIS 

1.844 

0.624R 

0.89 +z 
AXIS 

B- B x, = 2.88" - 

0.356 

ANTENNA HOUSING (MODEL 
DIMENSIONS AND LOCATION) (a2) 

A-A 

F i g u r e  6 .  Model Components 
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Figure 13. Assembly and Details, Sting, Support, and Remote Control 
Mechanisms Apollo FD-9 Tests - T W T ,  Lewis 8- by 6-Foot 

and 10- by 10-Foot (Sheet 4 of 4) 

SID 64-1317 - 30 - 



7121-01248 
.) - 10 

I 

I + I I I 9 8 7 12 11 10 + 

P 
tl 

.. . 

-: l j -  
1 

-- -* L -I=====+ 

/ 

1 

ll 

\ 



I I I I  I I 1- lr jy.Y,?# Is*rc, 

I I 4 
--" 

jlPPUUTON IUSLGEI D N A  I m NO, IOU mi", I 
1 

- - ~ -~ -~ 2 

I 
7--- - 

5 4 3 iif 6 __ J 

N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

/ ' - ,  \ . , 
/ 

4 

\ 

3 

' 4  /I 

I 

I 

I ,  
\ 
\ 

~ p--- 
/:- 
i I +  

_- 

F 

8 -  
~ 

i - - -  

p" -0 

A I I 
I f  
4- 

I 

f r  I 

I t 

i I 
I 


